1. Background {#sec1-1}
=============

Plant defensins are small cationic peptides consisting of low number (45--54) of amino acid residues with conserved cysteines that can form four disulfide bridges ( [@ref1] ). Plant defensins comprised of tertiary structure including a single α-helix and triple-stranded anti- parallel β- sheet. The complex results in formation of a compact shape by its four disulfide bridges ( [@ref2] , [@ref3] ). Plant defensins were first studied in wheat and barley ( [@ref4] ). Since 1990s, researchers have been studying antibacterial properties of cationic plant cysteine-rich antimicrobial peptides (AMP), the role of defensins in plant immune system is well reported ( [@ref3] , [@ref5] ). Variations in the amino acids sequences result in small conformational changes in the tertiary structure of a protein. Ultimately these possible variations contribute to biological activities in functional properties of these proteins. One single amino acid substitution can lead to change in the functional activities including antifungal, antibacterial, enzyme inhibitory behaviors. These possible changes have been reported to play a role in heavy metal absorption and abiotic stress-tolerance ( [@ref6] ).

2. Objectives {#sec1-2}
=============

The antimicrobial activities of plant defensins were mainly observed as they apply to fungi ( [@ref7] , [@ref8] ) and less so to bacteria ( [@ref9] ). Plant defensins can be highly expressed or upregulated when plants are exposed to various abiotic stresses such as drought, salt, cold and heavy metals ( [@ref6] ). In this paper the *in vitro*broad-spectrum activities of recombinant defensin (SDmod) protein have been investigated. The *SDmod* gene is a modified plant defensin that facilitates a broader range of defensin activities, based on the *sd2* gene sequence from Sunflower ( [@ref3] ). In this study the recombinant *SDmod* protein was produced by transient expression in common bean.

3. Materials and Methods {#sec1-3}
========================

3.1. Genes, Plasmid and Microorganisms {#sec3-1}
--------------------------------------

The *SDmod* gene, a modified defensin gene ( [@ref3] ), was cloned with the marker gene *LicBM2* in pBISN1-IN (EU886197) plasmid ([Fig. 1](#IJB-17-e1562-g001.tif){ref-type="fig"}). In this experiment, *LicBM2*, isolated from the bacterium *Clostridium thermocellum*, encodes the thermostable lichenase enzyme and was used as a safe reporter gene. Bacterial β-1,3--1,4-glucanases (EC 3.2.1.73; lichenase) specifically cleave the β-1, 4-glycosidic linkage adjacent to 3-O-substituted glucopyranose residues ( [@ref10] ). DNS method was used to measure enzymatic activity and reducing sugars ( [@ref11] ) to define the recombinant protein in transgenic plants. Two constructs of pBISN1-IN plasmid (one with the *SDmod* gene and one without) was used to eliminate the effects of the marker gene.

![Gene construct of T-DNA region of pBISN1-IN plasmid.](IJB-17-e1562-g001){#IJB-17-e1562-g001.tif}

The bacteria *Escherichia coli* DH5α and *Agrobacterium tumefaciens* LBA4404 were used for gene cloning and plant transformation respectively.

3.2. Transient Expression by Agroinfiltration Method {#sec3-2}
----------------------------------------------------

The vectors were transferred to *A. tumefaciens* LBA4404 using the electroporation method ( [@ref12] ). 1 mL of overnight culture of transformed Agrobacterium containing 50 mg.L^-1^ kanamycin, 100 mg.L^-1^ rifampicin, was added to 100 mL Infiltration medium containing 100 μM acetosyringone, 50 mg.L^-1^ kanamycin and 100 mg.L^-1^ rifampicin, and was incubated in 28 °C with continuous shaking (190 rpm) for 6 hours. The culture centrifuged (5min, 40000 rpm) and the pellet re- suspended in infiltration medium of 200 μM acetosyringone (adjusted to OD~600~=0.4). Each leaf was injected using syringe infiltration with two types of infiltration medium (transformed bacteria and non- transformed bacteria) ([Fig. 2](#IJB-17-e1562-g002.tif){ref-type="fig"}).

![Infiltrating agrobacterium into been epidermal cells for transient expression.](IJB-17-e1562-g002){#IJB-17-e1562-g002.tif}

3.3. Protein Extraction {#sec3-3}
-----------------------

Three days after infiltration, the injected leaves were harvested and grinded in a pestle and mortar with liquid nitrogen. Extraction buffer (250 mL of 150mMTrisHCl pH=8) was added to each sample, homogenized and centrifuged at 12000 rpm for 20 min at 4oC. The supernatant liquid containing the total proteins fraction (protein extract) was transferred to clean micro tubes.

3.4. Selection of Recombinant Proteins {#sec3-4}
--------------------------------------

The existence of recombinant protein (defensine- lichenase) in the extracted plant proteins were definded by lichenase enzyme activity and reducing sugars measured by the DNS method ( [@ref11] ). Modified Ellman's test was used to estimate the recombinant defensing quantities in plant protein solutions ( [@ref13] ). This method can measure the number of cysteine and thiol groups in proteins ( [@ref14] , [@ref15] ). In this study 1M of recombinant protein proved to contain 9M of cysteine.

3.5. Antimicrobial Activity Assay {#sec3-5}
---------------------------------

Following the method of Bhalodia and *et al* (2011), potato dextrose agar (PDA) and Mueller Hinton Agar (MHA) were used to measure the antifungal and antibacterial susceptibility using the disk diffusion and agar-well diffusion methods ( [@ref16] ). Two recombinant protein(with and without recombinant defensing protein) were produced by transforming two different contracts (*LicBM2* and *SDmod*-*LicBM2*) using transient expression, to eliminate antimicrobial effect of lichenase enzyme and test the antimicrobial effects of recombinant defensin protein produced in this study. The extracted proteins from the injected leaf by non- transgenic bacteria were used as control to eliminate antimicrobial effect of plant and bacteria proteins. Protein sample aliquot of 150 μL was added to wells with Three recombinant protein defensin-lichenase concentrations (5x10^-10^, 10x10^-10^ and 20x10^-10^ μM) alongside with recombinant protein Lichenase, Kanamycin antibiotic and Nystatin as positive control and protein extraction from the injected leaf by non- transformed bacteria as negative control.

The recombinant proteins were tested for antibacterial activity against known pathogens, Gram-negative *Escherichia coli* and *Pseudomonas aeruginosa* bacteria and Gram-positive *Staphylococcus aureus* and *Bacillus cereus* bacteria. In addition, recombinant proteins were also tested for antifungal activity of *Fusarium* spp (*Fusarium oxysporum*and *Fusarium solani*).

The halo/ clear zone diameters in bacteria media was measured after 8, 16 and 24 h and in fungal media after 12, 24, 48 and 72 h.

3.6. Preparing Proteins to Measure Metal Absorption Amount {#sec3-6}
----------------------------------------------------------

In order to investigate the effect of different treatments on heavy metal zinc absorption, we tested different times (5, 30, 60, 90, 120, 150, and 180 min) ( [@ref17] ), different amounts of active recombinant protein (10×10-9, 30×10-9, 50×10-9, 70×10-9, 90×10-9, 130×10-9, 150×10-9 µM) ( [@ref14] ), different pH treatments of buffer phosphate solution (4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, and 8) and six temperature levels (20, 25, 30, 30, 35, 40, and 50 °C). Here the protein of non-transgenic plant was used as control.

For preparing recombinant protein samples, 3 mL of buffer phosphate solution (137 mM NaCl, 2.7 mM KCL, 4.3 mM Na2Hpo4, and 1.47 mM KH2po4) was incubated with active recombinant protein, 10 percent mercaptoethanol and 2 µl of 0.1 molar zinc sulfate (Zn(So~4~)~2~7H~2~O) for 2:30 hours at 35°C. Densities of the zinc (Zn^+2^) in samples were recorded by the atomic absorption system.

3.7. Statistical Analysis {#sec3-7}
-------------------------

Triplicated data were analyzed using SAS software. Mean values were compared at 0.05 p value.

4. Results {#sec1-4}
==========

4.1. Antibacterial Effects {#sec4-1}
--------------------------

The aim of this study was to investigate the antibacterial properties of the modified defensin protein on the selected gram-positive and -negative pathogenic bacteria.

Defensin-lichenase recombinant protein showed a greater inhibition and larger clear zone on bacterial culture media than recombinant lichenase protein compared with the controls. The highest concentration (20x10^-10^ μM) of protein formed a significantly larger clear zone compared with the alternate concentrations ([Fig. 3](#IJB-17-e1562-g003.tif){ref-type="fig"}).

![*In Vitro* antibacterial activity (halo/clear zone diameter) of three concentrations of recombinant defensin protein: C1: 20×10^-10^ μM. C2: 10×10^-10^ μM. C3: 5×10^-10^ μM compared to Lichenase enzyme and control(plant protein) in three times traetment, in gram positive and negative pathogenic bacteria; *S. aureus, B. cereus, E. coli* and *P. aeruginosa.*](IJB-17-e1562-g003){#IJB-17-e1562-g003.tif}

Analysis of diameter of clear zones at different time points indicated that the halo diagonals were distinctly expressed at higher rates at the first stage of growth (8h) across all bacteria. Over time the antimicrobial activity of the recombinant protein was declined. After 24h, no antibacterial activity of recombinant proteins was recorded, except for S. aureus where the effect was still obvious. *In vitro*longevity of recombinant protein activities in *P. aeruginosa* and *B. cereus* was up to 16h In contrast, due to bacteriostatic effects of the protein, E. coli antibacterial activity was up to 8h. In *S. aureus* this effect was bactericidal and killed the organism ([Fig. 3](#IJB-17-e1562-g003.tif){ref-type="fig"}).

The inhibition zone\'s mean size for four bacteria showed that *E. coli* was the least susceptible of the organisms tested, while *S. aureus* was the most sensitive ([Fig. 4](#IJB-17-e1562-g004.tif){ref-type="fig"}). Across all tested bacteria, the inhibitory effects of protein proved to be the greatest at initial times of growth (up to 8h), but these effects declined over time and the bacteria continued to grow after 24h. The suggested concentrations of recombinant defensine protein in this study were bacteriostatic and not bactericidal.

![Comparison of antibacterial activity (inhibition halo diameter) of recombinant protein defensin produced by transient expression of *SDmod* gene in baen plant, against gram positive and negative pathogenic bacteria;*S. aureus, B. cereus, E.coli* and *P. aeruginosa.* (Treatments with at laest one letter are not significantly different in 5% LSD test.)](IJB-17-e1562-g004){#IJB-17-e1562-g004.tif}

4.2. Antifungal Effects {#sec4-2}
-----------------------

As for the investigation of the antifungal activity of recombinant protein we used the highest concentration of protein (20×10^-10^ μM).

Analysis of halo diagonals of clear zone at different growth time points (12, 24, 43 and 72 h) showed that the antimicrobial activity of recombinant protein was reduced over time ([Fig. 5](#IJB-17-e1562-g005.tif){ref-type="fig"}).

![*In vitro*antifungall activity (halo/clear zone diameter) of recombinant protein (defensing-lichinase) produced by transient expression in four different times (12, 24, 42 and 72 h) against *F. oxysporum* and *F. solani*.](IJB-17-e1562-g005){#IJB-17-e1562-g005.tif}

In this study, recombinant defensing-lichinase protein antifungal activity similar to Nystatin, while recombinant lichinase protein had an insignificant effect on fungal growth ([Fig. 6](#IJB-17-e1562-g006.tif){ref-type="fig"}). *In vitro*antifungal effect of recombinant protein against *f. oxysporum* and *f. solani* are showed.

![Antifungal activity of recombinant protein defensin-lichenase produced by transient expression compared to Lichenase, + controle (Nystatin) and --control (nontransgenic plant protein) against *F. oxysporum* and *F. solani.*](IJB-17-e1562-g006){#IJB-17-e1562-g006.tif}

4.3. Heavy Metal Absorption Effect {#sec4-3}
----------------------------------

The highest zinc absorption rate (3.73 ppm) by defensin protein was observed at pH=6 ([Fig. 7a](#IJB-17-e1562-g007.tif){ref-type="fig"}). In this study, we found that pH is a key factor in biological absorption of zinc by recombinant defensin protein. Accordingly, pH=6 was selected as suitable pH for the metal absorption experiment and subsequent analysis. Optimal temperature for zinc absorption by recombinant defensin protein was determined to be 35 °C, at which the zinc-absorption reading of 0.774 ppm was observed ([Fig. 7b](#IJB-17-e1562-g007.tif){ref-type="fig"}).

![*In vitro* heavy metal (zinc) adsorption by recombinant defensin protein in different treatments of a: PH, b:tempreture, c:time, d: protein concentrations](IJB-17-e1562-g007){#IJB-17-e1562-g007.tif}

We assessed seven time regimes (5, 30, 60, 90, 120, 150, and 180 min) to select optimal absorption. The absorption of zinc was decreased to 0.938 ppm after 150 minutes ([Fig. 7c](#IJB-17-e1562-g007.tif){ref-type="fig"}). Density of recombinant defensin protein on zinc absorption was studied. Proteins with different densities were added to solutions containing 2 µM zinc 0.1 molar. The highest absorption rate at the density of 70×10^-9^ µM of recombinant protein as 1.53 ppm was observed ([Fig. 7d](#IJB-17-e1562-g007.tif){ref-type="fig"}).

5. Discussion {#sec1-5}
=============

The studied recombinant defensin protein showed a broad spectrum of activities against fungi, gram positive and negative bacteria. One of the key function of defensins is its antimicrobial activity that plays a role in plant innate immunity ( [@ref16] , [@ref18] , [@ref19] ).With the exception of defensins with antibacterial ( [@ref10] , [@ref20] , [@ref21] ) and insecticide activities, most plant defensins have a powerful effect conferring systemic resistance against fungi ( [@ref8] ).The cationic peptides, such as defensin, are attracted electrostatically to negatively charged molecules such as anionic phospholipids, lipopolysaccharides (LPS) and teichoic acid, which are located asymmetrically in the membrane structure and cause cell death ( [@ref16] , [@ref22] ). Due to their high biocompatibility potential, moderate biodegradability, and low resistance developed on target microorganisms, defensins might prove to be a forthcoming novel class of antibiotics with application in several fields. Defensins can also be used to control fungal and bacterial infections in humans ( [@ref9] , [@ref23] ). Defensis can be applied in controlling plant diseases as a new tool in crop protection programs ( [@ref5] , [@ref24] , [@ref25] ). Moreover, other applications of defensins have also been reported including: a replacement of or complement to antibiotics in animal nutrition; bio preservatives in food, cosmetics and biomaterials; and a substrate for antifouling ( [@ref2] , [@ref6] , [@ref8] ).

Natural defensins are generally known to have a narrow activity range aimed towards one or a few pathogens. To overcome this limitation, modified novel defensin peptides based on structure-activity studies have been developed ( [@ref3] , [@ref26] ). For example, the *SDmod* gene has been modified to target a broader range of antimicrobial activities based on *sd2* gene sequence isolated from Sunflower ( [@ref3] ). Since heavy metals are absorbed from pollutants without provoking any secondary pollution, biological techniques (ie application of defensins) appear to be one of the best solutions for absorbing heavy metals ( [@ref27] ). Previous studies reported heavy metal cadmium absorption potential of this recombinant defensin protein (*SDmod*) experimentally and theoretically. Experimental results proved that the best absorption of cadmium by this recombinant defensin protein happens at the concentration of 150×10^-9^ µM of protein ( [@ref14] ).

Environmental factors such as temperature, salt density, pH, and biomass density influence the absorption level of heavy metal. Runping *et al*. (2006) introduced the effect of pH to be an important factor in absorption of lead and copper ( [@ref28] ). Results of their study showed that capacity of absorption of heavy metal by yeast mass is increased when pH is increased from 2 to 6. In pH lower than 2, the least absorption was observed. Hence pH=5 was selected as the optimal pH. They also examined the effect of temperature as it influenced absorption of these metal ions by yeast. Temperatures varied between 20 to 50 °C. As temperature increased, more copper- and less lead ions were absorbed by yeast. Therefore, this process appears to be endothermic for copper and exothermic for lead. Cadmium ( [@ref14] ) and zinc absorption potential with recombinant defensin protein proves to be an endothermic process under temperatures up to 35 °C. The amount of absorbed heavy metal ions by biomass is increased as time increases. The examination of the metal absorption in the yeast indicated that as the yeast\'s biomass increased, the absorption level of metal ions decreased ( [@ref17] ).

6. Conclusions {#sec1-6}
==============

As results indicate, as the mass of *SDmod* protein increases up to 70×10^-9^ µM, the absorption level of zinc is increased. Due to this finding Mirouze *et al*. (2006) increased the tolerance towards zinc in the transgenic plant through transmission of the defensin gene AhPDF1.1 in *A. thaliana* ( [@ref29] ). A study by Valls *et al*. (2000) proved that peptides bound to metals and metallothioneins cause more tolerance and aggregation of cadmium in *E. coli* cells ( [@ref30] ). Another study by Nemeth *et al*. (2004) on hemostasis showed that defensins prevent heavy metal cations trafficking and, thus, increase zinc's tolerance. Environmental pollution by heavy metals and biological methods of absorption may justify the production and utilization of transgenic plants. Phytoremediation is defined as absorption of, or, possibly, recovery of heavy metals and other organic and inorganic materials from soil and water by virtue of engineered green plants. Identification of cysteine-rich proteins and production of metal-absorbent transgenic plants are apparent subjects to be followed up by environmental scientists. *SDmod* defensin is a cysteine- rich protein that has been used as a model for the development of heavy metal removal systems in order to eliminate environmental pollutions.
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